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ABSTRACT 


The  experiments  conducted  in  nuclear  physics  laboratories  often 
require  the  design  of  fast-pulse  amplifiers.  Recent  transistors  offer 
new  capabilities  in  this  field.  The  work  presented  here  centers  on  the 
design  of  such  amplifiers  by  the  sampled-parameter  technique,  in  which 
the  transistor  is  characterized  by  two-port  parameters  measured  at  a  set 
of  frequencies  through  the  frequency  band  of  interest.  The  feedback  and 
coupling  networks  are  selected  by  computations  based  on  these  sampled 
parameters.  An  application  of  this  technique  has  led  to  an  iterative 
stage  using  a  2N918  transistor  and  having  the  following  characteristics: 


1.  Iterative  impedance  . 50  ohms 

2.  Insertion  power  gain  .  10  db 

3.  Bandwidth  .  400  Me 

4  Rise  time  .  1  nsec 

5.  Overshoot  . . .  <10  percent 

6.  Noise  factor  (throughout  the  band) .  8-10  db 

7.  Output  level,  negative  pulse  .  -500  mv 

8.  Output  level,  positive  pulse  .  200  mv 


An  amplifier  of  three  such  stages,  cascaded,  provided  a  gain  of  30  db, 
a  rise  time  of  1  nsec,  and  a  bandwidth  of  400  Me. 
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I.  INTRODUCTION 


A.  PULSE  AMPLIFIERS  IN  NUCLEAR  PHYSICS 

Experiments  in  high-energy  physics  have  made  necessary,  in  recent 
years,  the  design  of  amplifiers  for  faster  and  faster  pulses.  Such 
amplifiers  are  placed  at  the  output  of  photomultipliers  (Fig.  l)  in 
order  to  drive  a  coincidence  circuit,  or,  in  some  other  experiments, 
the  coincidence  circuit  is  placed  at  the  output  of  the  photomultiplier 
while  the  pulse  amplifier  is  supposed  to  realize  the  pulse  shaping  and 
the  pulse  amplifying  before  the  signal  goes  to  the  scaler. 

B.  RECENT  ADVANCES  IN  TOANSISTOR  TECHNOLOGY 

Until  recently,  only  the  vacuum  tube  could  give  a  rise  time  of  ap¬ 
proximately  1  nsec.  Recent  advances  in  the  transistor  field  make  it 
possible  for  transistors  to  replace  tubes  advantageously.  Some  transis 
tors  with  a  maximum  oscillation  frequency  greater  than  2  Gc  are  now  com 
mercially  available.  Because  of  their  small  size,  one  can  place,  for 
some  experiments,  up  to  10  or  12  transistor  amplifiers  very  close  to 
the  scintillators,  thus  avoiding  carrying  a  low-level  signal  along  a 
100-yard  cable  from  the  target  area  to  the  measurements  area.  Moreover, 
some  recent  work  seems  to  indicate  that  the  transistor  behavior  remains 
satisfactory  even  if  it  has  been  submitted  to  nuclear  radiations  for  a 
"reasonable”  length  of  time. 

The  above  remarks  explain  why  the  electronics  engineers  in  nuclear 
physics  laboratories  have  been  so  deeply  interested,  among  other  things 
in  the  design  of  wideband  transistor  amplifiers. 

C.  CONTINUOUS -WAVE  RESPONSE  AND  PUI^E  RESPONSE 

As  is  generally  the  case,  this  study  was  more  concerned  with  band¬ 
width  than  pulse  response.  The  reason  for  this  is  that  it  is  very  dif¬ 
ficult  to  establish  a  link  between  desired  output  pulse  characteristics 
and  the  location  of  transfer-function  poles  and  zeros.  Once  the  band¬ 
width  is  attained,  the  phase  response  can  be  modified  by  using  an  all¬ 
pass  phase  equalizer,  as  discussed  by  Fogarty  [Ref.  1],  or  by  modifying 
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FIG.  1.  ELECTRONIC  APPARATUS  FOR  A  NUCLEAR- PHYSICS  EXPERIMENT. 
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the  bandwidth  experimentally.  In  the  case  of  the  400-Mc,  1-nsec  ampli¬ 
fier,  it  was  not  necessary  to  rely  on  these  techniques,  since  the  pulse 
overshoot  (<  10  percent)  was  small  enough  for  the  intended  application. 


D.  SOME  RECENT  ACHIEVEMENTS 


Many  pulse-amplifier  designs  are  to  be  found  in  the  literature. 


Some  of  the  most 

notable  results 

and  the  references 

reporting  them 

indicated  below: 

Reference 

Number 

Transistor 

Power  Gain 
(db/stage) 

Bandwidth 

(Me) 

2 

M  2039 
Western 
Electric 
fT  =  400  Me 

10 

130 

3 

2N917 

Fairchild 

f  =  800  Me 

T 

6 

2  nsec 
rise  time 

4 

M  2107 
Western 
Electric 
fT  =  2  Gc 

6 

750 

5 

M  2058 
Western 
Electric 
fT  =  550  Me 

7 

200 

E.  TWO  DIFFERENT  POSSIBLE  APPROACHES  TO  THE  PROBLEM 

Two  main  ways  of  approaching  the  problem  are  considered: 

1.  The  transistor  is  represented  by  a  model  including  R*s,  C's,  and 
controlled  sources.  An  attempt  is  made  to  determine  the  emitter 
current,  the  load  and  source  impedances  which  give  the  maximum 
gain-bandwidth  product,  and  the  values  of  the  associated  circuit 
elements  which  correspond  to  a  prescribed  location  for  the  poles 

of  the  transfer  function  (generally  the  "maximally  flat"  location). 

2.  The  transistor  is  represented  by  a  set  of  sampled  matrix  parameters, 
actually  measured  at  a  given  value  of  emitter  current.  This  pro¬ 
cedure  is  J.  G.  Linvill's  samp led -parameter  method,  the  basic  ideas 
of  which  are  developed  in  Transistors  and  Active  Circuits,  by  Lin- 
vill  and  Gibbons  [Ref.  6], 
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The  first  method  has  the  advantage  of  representing  a  physical  system 
with  a  model:  it  allows  a  mathematical  analysis  and  the  associated  cir¬ 
cuit  synthesis  through  the  conventional  techniques  of  network  synthesis. 

It  is  also  true,  however,  that  this  approach  is  only  as  good  as  the  model, 
and  generally  raises  the  question  of  whether  to  use  a  simple  model  of 
limited  validity  or  a  more  complex  model  requiring  more  complicated  com¬ 
putations  . 

In  the  second  approach  the  limitations  on  the  validity  of  the  tran¬ 
sistor  model  pose  no  problem  because  one  is  operating  directly  on  the 
measured  transistor  parameters.  (See  Fig.  2.)  On  the  other  hand,  a 
set  of  matrix  parameters  can  hardly  be  used  as  a  guide  in  the  choice  of 
the  type  of  associated  circuits.  It  thus  appears  that  good  results  may 
be  achieved  by  combining  the  two  approaches. 

Linvill's  method  consists  in  “roughing  out"  the  problem  with  a  very 
simple  equivalent  circuit.  This  first  step  leads  to  an  appropriate  cir¬ 
cuit  configuration  and  gives  orders  of  magnitude  for  the  gain  and  the 
bandwidth.  A  further  step,  using  the  sampled  parameters,  leads  to  more 
precise  values. 


FIG.  2.  TWO  DIFFERENT  APPROACHES  TO  THE  DESIGN  OF  WIDEBAND  AMPLIFIERS. 
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II. 


LINVILLfS  LM  CHART 

A.  THE  1M  PLANE 

The  two-port  parameters  and  terminal  variables  are  related  as  follows: 


=  ynEi  + 

yi2E2 

(1) 

=  y2iEi  + 

y22E2 

(2) 

It  is  convenient  to  consider  a  unit  driving  voltage: 

Ei  =  1  +  jO  (3a) 

The  output  voltage  E2  can  be  conveniently  defined  in  terms  of 
variables  L  and  M  in  the  following  way.  Moreover,  the  load  admit¬ 
tance  is  found  to  be  related  to  L  and  M. 

=  (L  +  jM)  (3b) 

*y22r 

B.  THE  P0(L,M)  PARABOLOID  AND  THE  Pi(L,M)  PLANE 
The  output  power 


Po 


=  Re  ( -E* I 2 )  =  L 


I  yzil 2  _  (L2  +  M2  )|  y2i|  2 
2Y22  r  4y22r 


(4) 


P0 (L,M)  is  a  paraboloid,  and  the  coordinates  of  its  summit  are  (l,0) 
where  P0  is  designated  as  P0q. 


PoO  = 


hull 

4y22r 


(5) 


*  The  problem  of  selecting  (by  the  samp led -parameter  technique)  source 
and  load  terminations  of  amplifiers  to  provide  a  realizable  prescribed  gain 
is  discussed  in  Chapters  11,  18,  and  19  of  Transistors  and  Active  Circuits 
[Ref.  6],  The  reader  is  referred  to  that  reference  for  background  and  de¬ 
tails.  The  framework  and  notation  of  the  reference  is  outlined  in  this 
section  because  subsequent  development  in  this  report  extends  the  method. 

-  5  - 
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The  input  power 


pi 


Re  Eil*  =  yur  +  L  Re 


"yi^yai  +  M  Im 
2y22r 


mzu 

2yaar 


(6) 


(L,M)  is  an  inclined  plane.  Its  gradient  line  makes  an  angle  0 
with  the  L  axis  such  that 

0  =  -  arg  (-yi2y2i)  (7) 


When  L  =  1  and  M  =  0,  =  P^o  = 


2ynr  Yaar-  Re  (yi2y2i) 

2y22r 


(s) 


The  coordinates  L  =  1,  M  =  0  correspond  to 


Yl  =  y *a  Pt  =  Pi0  Po  =  PoO  (9) 

The  two-port  is  potentially  unstable  when  (PoC)/Pi0)  <  0,  or  when  the 
critical  factor 


JOa. 

y*i 


>i 


do) 


Moreover,  when  C  <  1,  the  maximum  available  gain  (Y  =  Y*  and  Y_  =  Y*  ) 
9  s  in  L  o 

is  never  larger  than  2(p0o/Pio). 


C.  THE  LOAD  ADMITTANCE  (Y.  )  IN  THE  LM  PLANE 

L 

The  load  admittance  is  found  to  be 


Y 


L 


-y22 


+  2y22T 
L  +  j  M 


and  G  +  jB  is  defined  in  the  following  way: 


(n) 


YL+  =  rr1jsr=G+  JB  (l2) 

Thus  a  load  admittance  Y  is  determined  by  any  one  of  three  sets  of  co- 

L 

ordinates —  (Y_  ,Yt  .),  (L,M),  or  (G,B),  and  we  can  draw  in  the  Uf 
plane  the  constant  G  and  the  constant  B  circles.  The  chart  thus  ob¬ 
tained  (Fig.  3)  is  a  very  simplified  version  of  Linvill's  chart  but  it 
contains  all  the  elements  which  will  be  needed  for  the  particular  pur¬ 
pose  of  this  discussion. 


YL  *  L  ♦  jN 


FIG.  3.  LOAD  ADMITTANCE  IN  TOE  LM  PLANE. 

D.  THE  CONSTANT-g  CIRCLES 

From  the  charts  shown  in  Fig.  4  two  new  axes,  x  and  y,  are  chosen 
such  that  their  origin  lies  at  L  =  1,  M  =  0,  and  such  that  their  angles 
with  the  L  axis  are  0  and  0  +  (rt/2). 

The  locus  of  points  for  which  g  =  (P0/PoO)/(Pi/Pio)  is  constant  is 
a  circle: 


1  -  g(l  +  Cx)  =  x2  +  y2  (13) 

The  circles  which  correspond  to  different  values  of  g  have  two 
points  in  common  if  C  >  1  (Fig.  4a),  and  no  point  in  common  if  C  <  1 
(Fig.  4b). 
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FIG.  4.  LOCUS  OF  CONSTANT  POWER  GAIN,  g  =  (PoA’o0)  /  (P±/P. 


III.  THE  R-L  COLLECTOR -TO -BASE  FEEDBACK 


The  first  step  in  the  design  of  a  broadband  amplifier  can  now  be 
undertaken.  With  a  given  transistor,  a  simple  equivalent  circuit  will  be 
used  in  order  to  determine  approximately  the  power  gain  per  stage,  the 
bandwidth,  and  the  elements  of  the  electrical  circuits. 

A.  AN  EQUIVALENT  CIRCUIT  FOR  THE  2N918  TRANSISTOR 

The  2N918,  which  is  used  in  the  broadband  amplifier,  is  a  Fairchild 
NPN  silicon,  planar  epitaxial,  double-diffused  transistor.  (Total  max¬ 
imum  power  dissipation  =  200  mw  at  25  °C  ambient,  V^gQ  =  30  v,  and 
*C  max  =  50  ma*  ^  Table  1  lists  the  sampled  y  parameters  of  this 
transistor  as  they  can  be  inferred  from  the  Fairchild  data  sheet  of 
May,  1962.  (The  10-Mc  parameters  have  been  added.) 


TABLE  1.  SAMPLED  y  PARAMETERS  OF  THE  FAIRCHILD  2N918  TRANSISTOR 

(l£  =  5  ma,  VC£  =  10.0  v) 


1 - 

f 

(Me) 

Parameter  (mmho) 

y 

n 

y 

12 

y21 

y2  2 

10 

1.7  +  j0.65 

-0.01  -  j0. 07 

See  Footnote 

0.08  +  jO.  13 

50 

2.5  +  j2 . 5 

0.00  -  j0.3 

80.0  -  j60. 0 

0.1  +  jl.O 

100 

5.0  +  j5.0 

0.00  -  j0.7 

40.0  -  j60. 0 

0.2  +  jl.3 

200 

8.0  +  j8. 0 

0.00  -  jl.3 

25.0  -  j55 . 0 

0.5  +  j2 . 5 

300 

10.0  +  jlO.O 

-0.1  -  j2 . 0 

15.0  -  j47. 0 

0.6  +  j3. 5 

400 

12.0  +  jl2 . 0 

-0.2  -  j2 , 7 

7.0  -  j43 . 0 

0.8  +  j4. 5 

500 

17.0  +  J14.0 

-0.4  -  j3. 4 

0.0  -  j40. 0 

1.0  +  J6.0 

* 

gm  =  100.0  +  j40.0  at  10  Me. 


Reading  this  table  makes  an  important  fact  apparent:  While 

y  (f)  is  approximately  a  linear  function  of  frequency,  y  (f)  is 
l2i  l2r 

approximately  a  parabolic  function.  This  fact  suggests  that  a  «  equiv¬ 
alent  circuit  (Fig.  5)  can  be  used,  the  feedback  admittance  being  an 
rc~Cc  series  circuit  with  rcCcw  <  1. 
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yl  yll  *  y  12 

y2  y22  *  y  12 

y2l 


FIG.  5.  A  ir  EQUIVALENT  CIRCUIT  FOR  THE  2N918  TRANSISTOR. 


For  such  a  circuit  the  following  expression  can  be  written: 

jCcw 


-  y 

12 


1  +  jrcCcui  85  rcCcu  +  JCc“ 


(14) 


By  comparison  of  the  above  expression  with  the  parameters  in  Table  1, 
one  can  calculate  that: 


Cc  =  1  pf  rc  =  30  ohms  (is) 

At  a  very  low  frequency  (f  =  10  Me),  the  transistor  can  be  represented 
by  the  circuit  shown  in  Fig.  6. 

At  high  frequencies,  the  transistor  can  be  represented  by  the  circuit 
in  Fig.  7,  in  which 


y 

i 

y 


2 


y  +  jy„ .  =  y  +  y 

ir  li  li  12 


y  +  jy  .  =  y  +  y 

2T  21  22  12 


( 16  ) 
(it) 


and  gm  is  complex.  The  parameters  y^r  and  y^  can  be  computed  from 
Table  1  in  Sec.  II IA.  The  parameters  y  and  y^ ^  need  not  be  calcu¬ 

lated  since  they  do  not  influence  the  value  of  (P0q/P^q). 
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1.0  pf 


E 

c.  Resultant  equivalent  circuit  at  amplifier  cutoff 
frequency  .«c 


FIG.  7.  TRANSISTOR  MODEL  FOR  HIGH  FREQUENCIES. 
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B.  THE  INFLUENCE  OF  COLLECTOR -TO -BASE  FEEDBACK 

The  influence  of  feedback  at  a  low  frequency  (lOMc)  is  considered 
first.  In  the  circuit  of  Fig.  6b,  YK  is  the  load  conductance.  (At  low 
frequencies  the  characteristic  admittance  yk  =  the  load  admittance  YL. ) 

Yp  is  the  feedback  conductance  (l  <  Yp  <  10  mmho),  and  p(Y^,  Yp)  is  the 
power  gain  of  the  stage  (Fig.  6b).  Choosing,  for  example,  Y^  =  20  mmho, 
we  can  plot  p(Yp)  as  shown  in  Fig.  6c. 

It  can  be  seen  that  when  the  stage  is  loaded  with  50  ohms,  a  200-ohm 
feedback  resistor  from  collector  to  base  will  reduce  the  gain  to  10  db, 
while  the  input  impedance  will  come  close  to  50  ohms.  Thus  it  seems 
feasible  (at  least  at  low  frequencies)  to  design  a  50-ohm  iterative  stage. 
The  maximum  bandwidth  which  can  be  expected  is  determined  next.  From 
the  equivalent  circuit  shown  in  Fig.  7,  the  values  of  y  and  yar  for 
frequencies  between  200  and  500  Me  are  obtained  (see  Table  2). 


TABLE  2.  VALUES  OF  y  AND  y  FOR  THE  2N918  TRANSISTOR 

ir  2f 


Parameter 

(mmho) 

Frequency  (Me) 

200 

300 

400 

500 

ylr 

8 

10 

12 

17 

y2r 

0.5 

0.5 

0.6 

0.6 

Now  C  =  1  pf  is  tuned  with  an  Rp-  Lp  series  circuit  (Rp  =  200  ohms), 

and  Yl  is  chosen  such  that  YL  =  yj2  (Fig.  7b),  The  stage  power  gain  now 

nears  the  maximum  value  that  can  be  expected  with  a  given  Rp  (determined 

by  the  low-frequency  requirements).  To  calculate  this  maximum  value, 

note  that  Cc,  Rp,  and  Lp  make  a  resonant  circuit  which  can  be  replaced 

by  a  conductance  RpC^u*,  wc  being  the  cutoff  frequency  of  the  amplifier 

to  be  determined.  This  conductance  does  not  modify  y  appreciably,  but 

it  does  modify  y  and  y  .  Moreover,  within  the  frequency  range  of  200 
22  11 

to  500  Me,  y  - j40,  the  "Miller  effect"  does  not  modify  y.n  ,  and 

21 

thus  the  conductance  Rp^c^c  can  removed  and  merely  placed  in  parallel 

with  y  and  with  y  (Fig.  7c). 

2r  ir 
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Table  3  contains  the  results  of  calculating 

yF 


y'  =  y  +  yr 


lr  ir 


(18) 


y'  =  y  +  yp 

2  r  2r  r 


( 19) 


and  the  corresponding  value  of  (p  -./P,_),  YT  having  been  chosen  such 

Otr  ID  1* 


that  Y.  =  y' 

L  2  r 


loO _ ly2il  ^  400 

P,n  4y  y  -  2Re(y  y  )  ~  y'  y' 
iO  nr  22r  12  2 1  ir  2r 


(20) 


TABLE  3.  COMPUTED  VALUES  OF  y'  ,  y1  ,  AND  P  n/P.n 

Jlr  9  2T  *  oO 1  iO 


Parameter 

Frequency  (Me) 

200 

300 

400 

500 

y*  (mmho) 
ir 

8.3 

10.8 

13.2 

19 

y*  (mmho) 
2r 

0.8 

1.3 

1.8 

2.6 

(db) 

iO 

18 

14.5 

12 

9 

From  the  above  table  it  is  seen  that  a  10-db  power  gain  up  to  about 
400  Me  can  be  expected.  For  this  cutoff  frequency,  the  tuning  induct¬ 
ance  Lj,  =  160  nh  and  the  input  impedance  is  approximately  76  ohms. 

(y*  =  13.2  mmho).  When  used  in  a  50-ohm  system  the  power  loss  resulting 

ir 

from  mismatch  at  the  input  would  be  less  than  0.2  db,  provided  that  an 
appropriate  output  coupling  is  designed. 

Thus,  a  very  simple  equivalent  circuit  has  provided  orders  of  mag¬ 
nitude  for  R  (200  ohms),  L^,  (l60  nh),  for  the  gain-bandwidth  product 
(1200  Me),  and  for  the  characteristic  impedance  (50  ohms).  But  it  is 
still  not  known  what  the  frequency  response  will  be  between  f  =  0  and 
f  =  400  Me.  For  a  given  transistor  and  feedback  network,  the  response 
will  depend  mainly  on  the  interstage  filter.  However,  for  a  given  inter¬ 
stage  filter,  it  is  possible  to  vary  the  frequency  response  by  modifying 
the  feedback  circuit. 
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The  following  observations  can  be  made  on  the  basis  of  what  has  al¬ 
ready  been  learned  from  the  equivalent  circuit. 

1.  A  frequency-response  curve  similar  to  that  represented  in  Fig.  8a 
can  be  smoothed  with  two  inductors  in  the  feedback  circuit,  one 
being  a  ferrite  coil  and  the  other  an  air  coil  (Fig.  8b).  While 
the  air  coil  tunes  Cc  at  400  Me,  the  ferrite  coil  tunes  Cc  at 
a  lower  frequency  f^,  the  material  being  chosen  such  that  the 
corresponding  inductance  is  negligible  at  400  Me. 

2.  A  frequency-response  curve  similar  to  that  represented  in  Fig.  8c 
can  be  smoothed  with  a  parallel  damping  resistor  RD. 

The  foregoing  ideas  based  on  the  transistor  equivalent  circuit  were 
not  developed  mathematically.  Qualitative  considerations  of  those  ideas 
however,  were  very  helpful  during  the  experimental  step  of  our  procedure 

C.  THE  CONSTANT-(P0o/PiO)  CIRCLES 

The  second  step  in  the  computations  will  lead  to  more  precise  values 
for  Lp,  Rp,  the  maximum  gain-bandwidth  product,  and  to  the  design  of 
the  interstage  two-port. 

Consider  again  the  expression  for  (PQo/pio)  [Ref-  6>  P-  248]: 


- 

-  2  Re  (y  y 


4y  y 

nr  22T 


12  21 


(21) 


In  this  relation,  [ y]  is  the  matrix  of  a  two-port  which  is  shunted  by 
an  Rp-Lp  circuit  (Fig.  9).  That  is, 


where 


and 


<< 

II 

»■  —1 

v; 

+  [yF] 

(22) 

i  r yr 

-yF" 

(23) 

yF  |  I 

.  J  L-yF 

yF 

* 

1 

=  «F 

*•  jby 

(24) 

Rp  +  Jkp 
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then 


FIG.  8 


FREQUENCY  RESPONSE  CONSIDERING  COLLECTOR- TO- BASE  FEEDBACK  ONLY. 
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Thus, 


"oO 


1  >v2  t  t  ~  2.  £^f  {_ _ _ 

Pi0  4^nrT+gF>  ^2,rT+gF^  "  2  Re  (yi2T_yF)  (y2iT'V 


(y^lrT-^)2  +  (v^liT-hF)2 


4^yiirT+gF^y22rT+BF^  "  2(^yi2rT  gF^y2lrT  gF^  ^yi2iT  bF^y2liT  bF^) 


(25) 


R 


F 


LF 


u 

u 

u. 

p— 1  ■ 

-  w 

TRAMS I3T0R 

(yl  =  [yT1  ♦ 


[y] 

[yF] 


FIG.  9.  MATRIX  OF  A  TRANSISTOR  SHUNTED  BY  AN  Rp-Lj,  CIRCUIT. 


For  a  given  value  of  (p0o/pio)  =  P>  the  above  relation  is  the  equation 
of  a  circle.  This  fact  suggests  a  simple  method  of  determining  Rp, 

Lp,  and  p.  Consider,  on  a  Smith  chart  (Fig.  10),  the  constant  Rp 
circles.  For  each  of  these  values  of  Rp  (Fig.  6c),  there  is  one  value 
for  p  (low-frequency  power  gain  with  a  given  value  of  Y^).  The  con¬ 
stant  (p0o/Pio)  circles  can  be  drawn  on  the  same  chart.  For  a  given 
desired  power  gain  p,  Rp  must  be  simultaneously  on  the  two  corres¬ 
ponding  circles.  Figure  10  clearly  shows  that  the  highest  value  for  p 
corresponds  to  two  tangent  circles  and  that  any  lower  value  will  lead  to 
two  values  for  Rp  (and  Lp). 

Thus,  for  a  given  value  of  YK,  knowledge  of  the  y  parameters  at  a 
very  low  frequency  fQ  and  the  y  parameters  at  any  other  frequency 
f  leads,  in  a  straightforward  way,  to  an  estimation  of  the  maximum 
power  gain  (within  3  db)  which  can  be  expected  from  a  video  simplifier 
having  a  bandwidth  B  =  f  -  fQ,  and  to  knowledge  of  the  Rp-  Lp  feedback 
circuit . 
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*o 

Lf> 
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FIG.  10.  SUPERPOSITION  OF  THE  CONSTANT  LOW-FREQUENCY  AND  HIGH-FREQUENCY 
POWER-GAIN  CIRCLES.  In  this  illustration  the  highest  value  for  the 
power  gain,  p  ,  corresponds  to  the  two  tangent  circles  for  which 
p  =  16  db. 
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IV.  DETERMINATION  OF  YlU)  AND  THE  INTERSTAGE  NETWORK 


A.  THE  MAPPING  OF  YL:  CONSTANT-p  CIRCLES  AND  CONSTANT-p  CIRCLES 

At  this  point,  Rp  and  Lp  are  known,  and  for  a  required  bandwidth 

B,  the  maximum  power  gain  p  which  can  be  expected  with  a  given  load 
admittance  =  YK  is  also  known.  The  transistor  with  its  feedback 
circuit  now  behaves  like  a  new  transistor,  characterized  by  y  para¬ 
meters  for  a  set  of  sampled  frequencies.  The  following  question  shall 
now  be  answered.  How  can  the  interstage  filter  be  designed  in  order  to 
achieve,  in  the  band  B  (Fig.  11 ),  a  constant  input  admittance  Y^n  =  YK 
and  a  constant  power  gain  p  ? 


FIG.  11.  BLOCK  DIAGRAM  OF  THE  COMPLETE  AMPLIFIER  STAGE.  The  general 
requirements  are  that  Yinput  =  YK  and  P0/Pi  =  P* 


1 .  The  Input-Admittance  Requirement 

An  arbitrary  value  pQ  is  chosen  for  the  input  reflection  co¬ 
efficient,  and  the  new  requirement  on  the  input  admittance  Y^n  is 
formulated  by  stating  that,  for  any  frequency,  the  input  admittance  of 
the  amplifier  must  lie  on  a  Smith  chart,  inside  the  constant  pQ  circle 
But  it  is  known  that  Yin  is  related  to  YL  in  the  following  way: 


YL  =  -y 


22 


y»yn 

Yin"yn 


(26) 


Thus,  two  circles  that  correspond  to  each  other  can  be  drawn  on  two 
separate  Smith  charts  (Fig.  12),  one  for  the  input  admittance  and  one 


19 


SEL-63-121 


a.  Input  admittance  chart.  The  shaded  region  is  the  locus  of  Y|n 
for  any  input  reflection  coefficient  - 


b.  Load  admittance  chart.  The  shaded  region  is  the  locus  of  Y^ 
for  any  input  reflection  coefficient 

FIG*  12,  THE  INPUT  AND  LOAD  ADMITTANCE  REQUIREMENTS. 
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for  the  load  admittance.  For  any  load  admittance  inside  the  right  shaded 
circle,  the  transistor  will  present  an  input  reflection  coefficient  less 
than  pQ  . 

2 .  The  Power-Gain  Requirement 

It  is  specified  that  within  the  band  B,  the  stage  power  gain 
must  not  differ  from  p  by  more  than  Ap.  That  is, 

p  -  Ap  s  stage  power  gain  £  p  +  Ap 

But  it  is  known  that  on  the  LM  plane,  and  consequently  on  a  Smith  chart 
(Fig.  13),  the  load  admittances  that  provide  power  gains  p  -  Ap 

and  p  +  Ap  are  located  on  two  circles.  The  load  admittances  that  pro¬ 
vide  power  gains  between  those  two  values  are  to  be  found  between  those 

two  circles. 

If  both  the  input-admittance  requirement  and  the  power-gain  re¬ 
quirement  are  to  be  taken  into  account  simultaneously,  Y^  must  be  chosen 
inside  the  region  that  belongs  to  the  two  regions  just  specified.  This 
region  will  be  the  permissible  region  for  YL  at  a  frequency  f  (Fig.  14). 

Proceeding  in  the  same  way  for  each  sampled  frequency  leads  to  as 
many  permissible  regions  as  there  are  sampled  frequencies.  These  regions 
will  be  drawn  on  a  single  Smith  chart  (Fig.  15),  or  more  effectively,  on 

two  superimposed  reversed  Smith  charts,  as  shown  in  Fig.  20.  (See  also 

Chapter  14  of  Ref.  6.) 

B.  THE  INTERSTAGE  NETWORK 

The  interstage  network  (Fig.  ll)  transforms  Y^  into  Yj^f).  A 
ladder  type,  nondissipat ive  filter  will  be  chosen.  Usually  a  single  n 
(or  a  T)  section  will  give  satisfactory  results  (Fig.  16).  Although 
some  advanced  mathematical  methods  are  available  for  the  design  of  such 
a  ladder  [Ref.  6,  Chap.  14],  experience  shows  that  a  few  trials  on  the 
Smith  chart  will  bring  the  input  admittances  at  the  different  frequencies 
inside  the  corresponding  permissible  regions.  Finally  one  arrives  at 
the  stage  represented  in  Fig.  17.  It  will  be  found  later  that,  for  the 
400-Mc  amplifier,  the  interstage  filter  can  be  reduced  to  a  single  in¬ 
ductor.  The  design  and  realization  of  such  an  amplifier  will  be  consid¬ 
ered  in  the  next  chapter. 
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fc.  With  chart 

FIG.  13.  TOE  POWER-GAIN  REQUIREMENTS.  The  shaded  regions  are  the  loci 
of  power  gains  between  p  -  Ap  and  p  +  Ap. 
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FIG.  14.  THE  PERMISSIBLE  REGION  FOR  ?L  AT  A  GIVEN  FREQUENCY.  To  meet 
the  requirements  on  both  power  gain  and  input  admittance,  YL  must  be 
located  in  the  shaded  region. 


FIG,  15.  THE  PERMISSIBLE  REGIONS  FOR  Y^  FOR  SEVERAL  FREQUENCIES.  The 
interstage  network  transforms  YR  into  YL(f)  such  that  for  the 
sampled  frequencies  f  ,  f2>  f  ,  f4>...,  YL's  image  on  the  chart 

comes  into  the  corresponding  shaded  region. 
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FIG.  16.  THE  INTERSTAGE  NETWORK 


FIG.  17.  AN  ITERATIVE  SINGLE-STAGE  AMPLIFIER. 
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V.  A  4 00 -Me ,  30-db  TRANSISTOR  AMPLIFIER 

A.  THE  STEP-BY-STEP  PROCEDURE 

The  step-by-step  procedure  leading  to  the  design  of  a  400-Mc,  30-db 
transistor  amplifier  is  now  presented. 

1 .  The  2N918  y  Parameters 

In  Table  4  the  sampled  y  parameters  of  the  2N918  transistor 
are  restated  for  reference  purposes, 


TABLE  4.  RESTATEMENT  OF  THE  SAMPLED  v  PARAMETERS  OF  THE 
2N918  TRANSISTOR,  [YT](f) 

(lE  =  5  ma,  VC£  =  10  v) 


Frequency 

(Me) 

Parameter  (mmho) 

yn 

y!2 

y2! 

y 

22 

10 

1.7  +  j0.65 

-0.01  -  jO . 07 

See  Footnote 

0.08  +  jO. 13 

50 

2.5  +  J2.5 

0.0  -  j0.3 

80  -  j60 

0.1  +  jl 

100 

5  +  j5 

0.0  -  j0.7 

40  -  j60 

0.2  +  jl.3 

200 

8  +  j8 

0.0  -  jl.3 

25  -  J55 

0.5  +  J2.5 

300 

10  +  jio 

-0.1  -  j2 

15  -  j47 

0.6  +  j3.5 

400 

12  +  jl2 

— — 

7  -  J43 

0.8  +  J4.5 

500 

17  +  jl4 

■ms 

0.0-  j40 

1  +  J6 

I  h  I  =  62.5  at  10  Me. 
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2 .  Determining  the  Feedback  Circuit 

Figure  18  contains,  in  the  Yp  plane,  the  constant  power-gain 
circles  for  YK  =  20  mmho  and  for  a  very  low  frequency  (lO  Me).  These 
circles  correspond  to  p  =  9,  10,  11  and  12  db.  Also  contained  in  the 
Yp  plane  are  the  constant  (Pqq/P^q)  circles  for  f  =  400  Me,  Consider¬ 
ing  the  intersections  of  these  circles,  it  is  seen  that  p  =  11  db  could 
be  chosen,  but  since  the  transistor  y  parameters  specified  in  Table  4 
are  merely  typical  parameters,  p  is  chosen  to  be  10  db.  It  is  to  be 
noted  further  that  in  Fig.  18  there  are  two  intersections  of  the  10-db 
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circles,  thus  yielding  two  solutions  for  the  normalized  feedback  impedance: 


and 


(27) 


FIG.  18.  THE  Yf  PLANE  (NORMALIZED  TO  5  mmho).  YR  =  20  inmho;  f  =  400  Me; 
11  db  <  p  <12  db.  Choosing  p  =  10  db  gives  Z  =  0.7  +  j0.5  or 

ZF  =  0.7  Hs.O.  F 

In  order  to  preserve  midband  gain,  Zp  norra  =  0.7  +  j5.0  is  chosen. 


ZF  =  (0.7  +  j5 . 0)  X  200  =  140  +  jlOOO  ohms  (28) 


Rp  =  140  ohms 
Lp  =  0.4  |ih 


(29) 


The  feedback  admittance  Yp(f)  is  calculated  from  the  foregoing  values 
for  Rp  and  Lp  ,  and  the  results  are  listed  in  Table  5. 
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TABLE  5.  VARIATION  OF  Yp  WITH  FREQUENCY 


Parameter 

Frequency  (Me) 

YF(norm)* 

50 

100 

200 

300 

400 

0.8-J0.7 

0. 35-j0. 6 

O.l-jO.37 

0.05-j0.25 

0. 03-J0. 2 

YF(mmho) 

BSB 

1.75-J3.0 

0.5-J1.85 

0. 25- jl. 25 

0 . 15- jl . 0 

Normalized  to  5  mmho. 


3.  The  Constant-g  Circles 

The  y  parameters  of  the  transistor  with  its  feedback  circuit 
connected  (Table  6)  can  now  be  determined. 


TABLE  6.  THE  y  PARAMETERS  OF  THE  TRANSISTOR  WITH 
FEEDBACK  CIRCUIT  CONNECTED 

[y] (f )  =  [yT] (f )  +  [yF](f) 


Frequency 

(Me) 

Parameter  (mmho) 

y 

11 

y 

12 

y 

21 

y 

22 

10 

— 

— 

I 

1 

— 

50 

6.5  -  jl.O 

-4.0  +  J3.2 

76  -  j57 

Imtl< 

100 

6.75  +  j2 . 0 

-1.75  +  j2 . 3 

38  -  j57 

2.0  -  jl . 7 

200 

8.5  +  J6.15 

-0.5  +  jO.6 

25  -  j53 

1.0  +  j0.65 

300 

10.3  +  j8.8 

-0.35  -  j0.75 

15  -  j46 

0.9  +  j2 . 3 

400 

12.2  +  jll 

-0.35  -  jl. 7 

mi 

1.0  +  j3. 5 

On  the  LM  plane,  the  constant-g  circles  for  f  =  100,  200,  300,  and 
400  Me  are  plotted  in  Fig.  19  using  the  following  relationships: 


x2  +  y2  =  1  -  g(l  +  Cx) 

(30) 

(W  p 

‘ '  UWW  "  (poo/pio> 

(31) 

(32) 

In  the  present  situation,  p  =  10  (10  db)  and  Ap  =  1  db. 


27 


SEL-63-121 


b.  f "200 Me;  0*2.6}  0-90* 


10  db  CIRCLE. 

FIG.  19.  THE  CONSTANT-g  CIRCLES. 


The  Constant-p  Circles 


With  p  =  l/3,  the  insertion  power  loss  is  less  than  0.5  db. 

The  constant-p  circles  and  the  constant-g  circles  are  plotted  in  Fig.  20, 


using  Smith-chart  coordinates  for  YL  . 
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5.  The  Interstage  Network 


A  few  investigations  lead  to  the  two-port  shown  in  Fig.  21.* 

The  input  admittance  of  this  two-port,  when  loaded  with  yk  ,  falls  into 
the  regions  determined  in  Fig.  20. 


60  nh 


FIG.  21.  THE  INTERSTAGE  NETWORK 
FOR  THE  400-Mc  AMPLIFIER. 


B.  BRIDGE  MEASUREMENTS 

After  arriving  at  design  values  for  the  individual  circuit  elements, 
the  following  bridge  measurements  are  made:  ** 

1.  Measurements  of  the  transistor  y  parameters, 

2.  Measurements  of  the  y  parameters  of  the  transistor  with  feedback 
circuit  connected,  adjusting  the  feedback  circuit  so  that  the 
parameters  approach  the  design  values  as  closely  as  possible,  and 

3.  Measurements  of  the  y  parameters  of  the  complete  stage,  consisting 
of  transistor,  feedback  circuit,  and  interstage  network.  During 
these  measurements  the  interstage  inductor  can  be  adjusted  so  that 
the  y  parameters  of  the  complete  circuit  correspond  to  an  iterative 
structure  with  a  characteristic  impedance  of  50  ohms  and  an  in¬ 
sertion  gain  of  10  db. 


For  an  extensive  discussion  of  the  design  of  coupling  networks,  see 
Chap.  14  of  Transistors  and  Active  Circuits,  by  Linvill  and  Gibbons [Ref. 6} 

A  General  Radio  1607-A  Transfer-Function  and  Immittance  Bridge  was  used 
for  these  measurements  during  the  realization  of  the  400-Mc  amplifier 
described  in  this  report. 


SEL- 63-121 


30  - 


During  the  course  of  these  measurements  and  adjustments,  it  is  helpful 
to  keep  in  mind  the  fact  that,  at  high  frequencies,  the  circuit  elements 
behave  like  distributed  rather  than  lumped  elements. 

C.  PRACTICAL  DATA 

A  detailed  schematic  circuit  of  the  400-Mc  amplifier  realized  by 
the  foregoing  methods  is  shown  in  Fig.  22.  Slight  adjustments  of  the 
emitter  currents  were  used  to  improve  the  response  shape.  In  order  to 
permit  transistor  interchangeability,  voltage  and  current  adjustments 
were  provided  for  each  stage. 

Figure  23  is  a  photograph  of  the  amplifier.  Shields  were  used  be¬ 
tween  stages,  each  emitter  was  grounded  with  a  very  short  connection, 
and  each  transistor  case  was  grounded.  Stand-off  insulators  and  transis¬ 
tor  sockets  were  avoided,  except  for  a  teflon  stand-off  insulator  used 
at  the  base  of  the  input  transistor  The  base  leads  of  the  second  and 
third  transistors  were  connected  directly  to  50-ohm  bulkhead  female 
microconnectors  in  order  to  permit  optional  independent  connection  to 
any  one  of  the  individual  stages. 

D.  FINAL  SUMMARY  OF  AMPLIFIER  PERFORMANCE 

Figures  24  through  31  summarize  the  performance  of  the  400-Mc  ampli¬ 
fier.  From  these  figures  it  can  be  seen  that  the  three-stage  amplifier 
has  a  gain  of  30  db,  a  rise  time  of  1  nsec,  and  an  overshoot  of  less  than 
10  percent. 

The  three  original  transistors  were  replaced  by  three  others.  Slight 
modifications  of  the  emitter  currents  made  it  possible  to  regain  the 
original  amplifier  characteristics,  the  adjustment  process  being  rapidly 
"convergent”  when  carried  out  using  a  sweep-frequency  generator.  Although 
such  a  single  trial  cannot  be  considered  conclusive,  it  indicates  that  the 
amplifier  might  be  reproducible  on  a  production  basis. 
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Rs  -  I . R. C.  "HFR”  HIGH-FREQUENCY  RESISTORS,  2.2K,  1/4  w 

Rc  -  l.R.C.  ”HFR”  HIGH- FREQUENCY  RESISTORS,  I.OK,  1/4  w 

Rd  -  l.R.C.  "HFR”  HIGH-FREQUENCY  RESISTORS,  270  OHMS,  1/4  w 

Rp  -  l.R.C.  "HFR”  HIGH-FREQUENCY  RESISTORS,  150  OHMS,  1/4  w 

L-  -  7  TURNS  NO.  20  AWG  SOLID  TINNED  WIRE,  t”  LONG,  5/32”  INSIDE  DIAMETER 
Lc  -  5-1/2  TURNS  NO.  20  AWG  SOLID  TINNED  WIRE  IN  TEFLON  SLEEVE  WOUND  ON  GENERAL  CERAMICS  TOROID 
1  *CFI03  (1/2”  OD  x  9/32  ID  x  3/32”  THICK),  Q-3  MATERIAL 
L_  -  6  TURNS  #  20  AWG,  SOLID  TINNED  WIRE,  19/32”  LONG  x  5/32”  INSIDE  DIAMETER 
p2 

C  -  0.01  ..f  CERAMIC  DISC  CAPACITORS 
c 

CF  -  0.01  ..f  CERAMIC  DISC  CAPACITORS 
CcT  -  CERAMIC  FEED-THROUGH  CAPACITORS  -  1500  pf 

D  -  AVALAHCHE  PROTECTIVE  DIODE  TYPE  IH720,-  18  v  MOM  I  HAL  BREAKOOWM 


T|,T2,T3  -  FAIRCHILD  2H9I8 


FIG.  22.  SCHEMATIC  CIRCUIT  OF  THE  400-Mc  AMPLIFIER. 
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FIG.  23.  PHOTOGRAPH  OF  THE  400-Mc  AMPLIFIER. 
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FIG.  24.  INSERTION  POWER  GAIN  VS  FREQUENCY. 


I  nsec/cm  — 
a.  Input  step 


b.  Output  step  for  amplifier  plus  10-db  attenuator. 


FIG.  25.  STEP  RESPONSE  OF  THE  SINGLE-STAGE  AMPLIFIER. 
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5  nsec/cm  — 


b.  Output  pulse  for  amplifier  plus  10-db  attenuator. 

FIG.  26.  PULSE  RESPONSE  OF  IKE  SINGLE-STAGE  AMPLIFIER. 


SEL-63-121 


-  36  - 


5  nsec/cm  — ► 
a.  Positive  output 


5  nsec/cm  — ► 
b.  Negative  output 


FIG.  27.  DYNAMIC  RANGE  OF  TOE  SINGLE-STAGE  AMPLIFIER.  Input  pulse 
varied  in  3-db  increments  in  both  (a)  and  (b). 
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FIG.  28.  INSERTION  POWER  GAIN  AND  NOISE  FIGURE  VS  FREQUENCY  FOR 
THE  THREE- STAGE  AMPLIFIER. 


I  nsec/cm  - ► 

a.  Input  step 


I  nsec/cm  — ► 

b.  Output  step  for  amplifier  plus  30-db  attenuator 


FIG.  29.  STEP  RESPONSE  OF  THE  TOREE-STAGE  AMPLIFIER. 
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5  nsec/cm  - 

a.  Input  pul se 


5  nsec/cm - 

b.  Output  pulse  for  amplifier  plus  30*db  attenuator 


FIG.  30.  PULSE  RESPONSE  OF  THE  THREE-STAGE  AMPLIFIER. 
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200  mv/cm  50  „,v/cm 


5  nsec/cm  — «»» 

a.  Positive  output  pulse  for  g  values  of  input  pulse 
differing  in  amplitude  by  3  db 


l 


5  nsec/cm  - m- 

b.  Negative  output  pulse  for  II  values  of  input  pulse 
differing  in  amplitude  by  3  db 

FIG.  31.  DYNAMIC  RANGE  OF  THE  THREE-STAGE  AMPLIFIER. 
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L . i .  Dept,  oi  Coamerce 
Nat'l  Bureau  of  standards 
Boulder  Labs. 

Central  Radio  Propagation  Lab. 
1  Boulder,  Colorado 

U.S.  Depi.  of  Commerce 
Nat'l  Bureau  of  Standards 
Boulder  Labs. 

Boulder,  Colorado 
1  Attn:  Miss  J.  Lincoln,  Chief 
Radio  Warning  Services 
Section 


AFWL  (VLL) 

2  K irt land  AFB,  N.M. 

Director,  Air  Univ.  Library 
Maxwell  AFB,  Alabama 
1  Attn:  CR  4582 

AFSC  Liaison  Office 
Los  Angeles  Area 
1  Attn:  Lt.  Col.  A. A.  Konkel 
6331  Hollywood  Blvd. 
Hollywood  28,  Calif. 

Hq.  USAF  (AFR DR-NO-3) 

The  Pentagon 
1  Attn:  Harry  Mulkey 
Rm  4D  335 

Washington  25,  D.C. 
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Federal  Aviation  Agency 
Bureau  of  Res.  and  Dev't 
Washington  25,  D.C. 

1  Attn:  RD-40651,  Mr.  Harry 

Havman 

Aas't  of  Sect,  of  Defense  for 
Rea.  and  Engineering 
Information  Office,  Library  Br. 
Pentagon  Bid* . 

2  Washington  25,  D.C. 

Dept,  of  Defense 

Defense  Conaainica lions  Agency 

Washington  25,  D.C. 

1  Attn:  121A,  Tech.  Lib. 


Director,  Nat'l  Security  Agency 
1  Ft.  George  G.  V.iade ,  Md. 

1  Attn:  R31 

1  Attn:  R42 

1  Attn:  Howard  Canpaigne 

1  Attn:  C3/TDL,  Ra.  2CU87,  Tech.  Doc. 

Chief,  U.S.  Army  Security  Agency 
Arlington  Hall  Station 

2  Arlington  12,  Va. 

Central  Intelligence  Agency 
2430  E.  St.,  NW 
Washington,  D.C. 

1  Attn:  A.  Borel 


Institute  for  Defense  Analyses 
1666  Connecticut 
Washington  9,  D.C. 

1  Attn:  W.E.  Bradley 


UNIVERSITIES 


School  of  Engineering 
Sciences 

Arizona  State  University 
1  Tempe,  Arizona 

University  of  Arizona 
Elac.  Engr.  Dept , 

Tucson  25,  Arizona 
1  Attn:  Robert  L,  Walker 
L  Attn:  Dr.  Douglas  J.  Hamilton 

Jet  Propulsion  Lab. 

Calif.  Inst,  of  Technology 
4*00  Oak  Grove  St. 

Pasadena  3,  Calif. 

1  Attn:  Library 

Univ.  of  Calif. 

Elec.  Engineering  Dept. 

Berkeley  4,  Calif. 

1  Attn:  Prof.  fi.M.  Sounder AJkCka. 

Univ.  of  Calif. 

Radiation  Lab. 

Information  Div. ,  Bldg.  30f 
Rooa  101 
Berkeley,  Calif. 

1  Attn:  Dr.  R.K.  Wakerling 

Univ.-  of  Calif , 

Lawrence  Radiation  Lab. 

P.O.  Box  808 
Livermore,  Calif. 

1  Attn:  Tech.  Info.  Div. 

Univ.  of  Calif,  at  Los  Angeles 
Los  Angeles  24,  Calif. 

1  Attn:  Dept  of  Engineering 
Prof.  Gerald  Estrin 
1  Attn:  Electromagnetics  Div., 
R.S.  Elliott 

1  Attn:  C.R.  Vlswanathsn, 

SS  Electr.  Lab. 

Univ.  of  Chicago 
Institute  for  Computer  Research 
Chicago  37,  Illinois 
1  Attn:  Nicholas  C.  Metropolis 

Columbia  University 
New  York  27,  N.Y. 

1  Attn:  Dept,  of  Physics 
Prof.  L.  Brillouln 
1  Attn:  Columbia  Radiation  Lib. 

Cornell  University 
Cognitive  Systems  Res.  Program 
Hollister  Hall 
Ithaca,  N.Y. 

1  Attn:  F.  Rosenblatt 

Univ.  of  Florida 
Dept,  of  Elect.  Engr. 

Rm.  336,  Engineering  Bldg. 
Gainesville,  Florida 
1  Attn:  M.J.  Wiggins 

George  Washington  Univ. 
Washington,  D.C. 

1  Attn:  Prof.  N,  Grisamore 

Dr  axel  Inst,  of  Tech. 

Dept,  of  Elect.  Engr. 
Philadelphia  4,  Pa. 

1  Attn:  F.B.  Haynes 

Georgia  Inst,  of  Tech. 

Atlanta,  Ga. 

1  Attn:  Mrs.  J.H.  Crosland 
Librarian 


Harvard  University 
Technical  Reports  Collection 
Rm.  303A,  Pierce  Hall 

Cambridge  38,  Mass. 

2  Attn:  Mrs.  Elizabeth  Parkas, 
Librarian 

Harvard  University 
Pierce  Hall  217 
Cambridge  38,  Mass. 

1  Attn:  Div.  of  Engineering  and 
Applied  Physics 
Dean  Harvey  Brooks 

Univ.  of  Ill, 

Elect.  Engineering  Res.  Lab, 
Urbans,  Ill. 

1  Paul  D.  Coleman,  Rm.  218 
1  Attn:  William  Perkina 

University  of  Ill. 

Digital  Computer  Lab. 

Urbans,  111. 

1  Attn:  Dr.  J.  E,  Robertson 

Univ.  of  111. 

Coordinated  Science  Lab. 

Ur bans,  111. 

1  Attn:  Prof.  D.miel  Alpert 

Univ.  of  Ill. 

Library  Serials  Dept. 

1  Urbans,  Ill. 

Univ.  of  Ill. 

Dept,  of  Physics 
Urbans,  Ill. 

1  Attn:  Dr.  John  Bardeen 

Johns  Hopkins  Univ. 

Applied  Physics  Lab. 

8621  Georgia  Ave. 

Silver  Spring,  Md. 

1  Attn:  A. W,  Nagy 
1  Attn:  N.H.  Chokay 
1  Attn:  Document  Library 
1  Attn:  Supervisor  of  Tech. 
Reports 

Carlyle  Barton  Labs. 

Johns  Hopkins  Univ. 

Charles  and  34th  Sts. 

Baltimore  18,  Md. 

1  Attn:  Librarian 

Llnfleld  Research  Inst. 
McMinnville,  Oregon 
1  Attn:  Guy  N.  Hlckok,  Dir. 

Marquette  Univ. 

Dept,  of  Elect.  Engr. 

1515  W.  Wisconsin  Ave. 

Milwaukee  3,  Wia. 

1  Attn:  Arthur  C.  Moeller 

State  Univ.  of  Iowa 

Dept,  of  Electrical  Engineering 

Iowa  City,  Iowa 

1  Attn:  Prof.  Donald  L.  Epley 
M.I.T. 

Cambridge  39,  Mass. 

1  Research  Lab.  of  Electronics 
(Document  Rm.  26-327) 

1  Lab.  of  Insulation  Research 
Misa  Si la,  Librarian,  Rm  4-244 

Lincoln  Lab. 

M.I.T. 

P.O.  Box  73 
Lexington  73,  Mass. 

1  Attn:  Dr.  welter  I.  Wells 
1  Attn:  Library 
1  Attn:  Navy  Representative 
1  Attn:  Kenneth  L.  Jordan,  Jr. 


Dynamic  Analysia  and  Control  Lab, 
M.I.T. 

Rm.  3-457 

Cambridge,  Mass, 

1  Attn:  D.  M.  Baumann 

Dlreotor,  Cooley  Electronics 
Lab. ,  N.  Campus 
Univ.  of  Mich, 

1  Ann  Arbor,  Mich, 

Univ.  of  Mich. 

Dept,  of  Elect.  Engr. 

3503  E,  Engineering  Bldg. 

Ann  Arbor,  Mich. 

1  Attn.  Prof.  Joseph  E,  Rowe 

Univ.  of  Mich. 

180  Frieze  Bldg. 

Ann  Arbor,  Mich. 

1  Attn:  Dr.  Gordon  E.  Peterson, 
Dir.  of  Comsninlcatlon 
Science  Lab. 


Univ.  of  Mich. 

Inst,  of  Science  and  Tech. 
Ann  Arbor,  Mich. 


1  Attn: 

Tech.  Documents  Service 

Univ. 

of  Minn. 

Dept. 

of  Elect. 

Engr. 

Inst. 

of  Tech, 

Minneapolis  14, 

Minn. 

1  Attn: 

Prof.  A. 

Van  der  Ziel 

Univ. 

of  Nevada 

College  of  Engineering 

Reno, 

Nev. 

1  Attn: 

Dr.  Robert  A.  Manhart, 

Chm.  Elect.  Engr.  Dept. 


New  York  University 
University  Heights 
New  York  53,  N.Y. 

1  Attn:  Dr.  J.  H.  Mulligan,  Jr. 
Chm.  of  EE  Dept. 

New  York  University 
Solid  State  Lab. 

4  Washington  PI, 

New  York  3,  N.Y. 

1  Attn:  Dr.  H.  Kallmann 

Northwestern  Univ. 

Aerial  Measurements  Lab. 

2422  Oakton  St. 

Evanston,  Ill. 

1  Attn:  Walter  S.  Toth 

North  Carolina  State  College 
Dept,  of  E.E. 

Raleigh,  N.C. 

1  Attn:  Prof.  Robert  W.  Lade 

Univ.  of  Notre  Dame 
Elect.  Engr.  Dept. 

South  Bend,  Indiana 
1  Attn:  Eugene  Henry 

Ohio  State  University 
Dept,  of  Elect.  Engr, 

Columbus  10,  Ohio 
1  Attn:  Prof.  E.M.  Boone 

Oregon  State  Univ. 

Dept,  of  Elect.  Engr. 
Corvallis,  Oregon 
1  Attn:  H.J.  Oorthuys 

Univ.  of  Pennsylvania 
Moore  School  of  E.E. 

200  S.  34th  St. 

Philadelphia  4,  Pa. 

1  Attn:  Miss  A.L.  Campion 


Solid  State 
-  3  -  2/64 


Polytechnic  Institute 
Elect,  Engr.  Dept. 

333  Jty  St. 

1  Attnt  Leonard  Shaw 

Polytechnic  Inst,  of  Brooklyn 
Graduate  Center 
Rt.  110 

Farmingdale,  N.Y. 

1  Attn:  Librarian 

Princeton  Unlv, 

Elect.  Engr.  Dept, 

Princeton,  N.J, 

1  Attn:  Prof.  F. S.  Acton 

Research  Inst,  of  Advanced 
Studies 

7212  Bel Iona  Ave. 

Baltimore,  Md. 

1  Attn:  Dr.  R.E.  Kalman 

Purdue  Univ. 

Elect.  Engr.  Dept, 

Lafayette,  Ind, 

1  Attn:  Library 

Rensselaer  Polytechnic 
Institute 

Library - Serials  Dept. 

1  Troy,.  N.Y. 

Unlv,  of  Rochester 
Gavett  Hall 
River  Campus  Station 
Rochester  20,  N.Y. 

1  Attn:  Dr.  Gerald  H.  Cohen 

VARS1  Library 
Unlv.  of  Santa  Clara 
1  Santa  Clara,  Calif, 

Stanford  Research  Inst. 

Menlo  Park,  Calif. 

1  Attn:  External  Reports  G-037 

Stanford  Research  Inst. 
Coaiputer  Lab. 

Menlo  Park,  Calif. 

1  Attn:  H. D.  Crane 

Syracuse  University 
Dept,  of  Elect.  Engr. 

Syracuse  10,  N.Y. 

1  Attn:  Dr.  Stanford  Goldman 

Unlv.  of  Tennessee 
Dept,  of  E.E. 

Ferris  Hall 
1  Knoxville,  Tenn. 

Texas  Technological  College 
Lubbock,  Texas 

1  Attn:  Dir.  Inst,  of  Science 
Engineering,  Office  of 
Dean  of  Engr. 

Unlv.  of  Utah 

Electrical  Engineering  Dept. 
Salt  Lake  City,  Utah 
1  Attn:  Richard  W.  Grow 

Villanova  Unlv. 

Dept,  of  Elect.  Engr. 
Villanova,  Pa. 

1  Attn:  Thomas  C.  Gabriele, 
Asst,  Prof. 

Unlv.  of  Virginia 
Charlottesville,  Va. 

1  Attn:  J.C.  Wyllie,  Alderman 
Library 


Wayne  State  University 
Detroit,  Mich. 

1  Attn:  Prof.  Harry  Josselson 
Dept,  of  Slavic  Languages 

Engineering  Library 
Yale  University 
New  Haven,  Conn. 

1  Sloane  Physics  Lab. 

1  Dept,  of  Elect.  Engr. 

1  Dunham  Lab. 

INDUSTRY 

Admiral  Corporation 
3800  Cortland  St. 

Chicago  47,  Ill. 

1  Attn:  E.N.  Roberson,  Librarian 

Airborne  Instruments  Lab. 

Comae  Road 

Deer  Park,  L.I.,  New  York 
1  Attn:  John  Dyer,  Vice  Pres, 
and  Tech,  Director 

Amperex  Corporation 
230  Duffy  Ave. 

Klcksvllle,  L. I.,  New  York 
1  Attn:  S.  Barbasso,  Proj.  Eng. 

Auerbach  Corp, 

1634  Arch  St. 

1  Philadelphia  3,  Pa. 

Autonet ics 

Div.  of  N.  American  Aviation 
9150  E.  Imperial  Highway 
Downey,  Calif. 

1  Attn:  Tech.  Library  3040-3 

Bell  Telephone  Laboratories 
Murray  Hill  Labs. 

Murray  Hill,  N.J. 

1  Attn:  Dr.  J.K.  Galt 
1  Attn:  Dr.  J.  R.  Pierce 
1  Attn:  Dr.  S.  Darlington 
1  Attn:  A.J,  Grossmann 
1  Attn:  Dr.  M,  Sparks 
1  Attn:  A.  J.  Morton 
1  Attn:  Dr.  R.  M.  Ryder 

Bendix  Corp. 

Research  Labs.  Division 
Southfield  (Detroit),  Mich. 

1  Attn:  A. G.  Peifer 

Benson-Lehner  Corp. 

14761  California  St. 

Van  Nuys,  Calif. 

1  Attn:  George  Ryan 

Boeing  Scientific  Res,  Labs. 
P.0.  Box  3981 
Seattle  24,  Wash. 

1  Attn:  Dr.  E.J.  Nalos 

Bomac  Laboratories,  Inc. 
Beverly,  Mass. 

1  Attn:  Research  Library 

Columbia  Radiation  Lab. 

538  W.  120th  St. 

1  New  York,  N.Y. 

Convair-San  Diego 
A  Dlv.  of  Gen.  Dynamics  Corp. 
San  Diego  12,  Calif. 

1  Attn:  Engr,  Library 
Mall  Zone  6-157 

Cook  Research  Labs. 

6401  W.  Oakton  St. 

1  Morton  Grove,  Ill. 


Cornell  Aeronautical  Lab. 

4455  Genesee  St. 

Buffalo  21,  N.Y. 

1  Attn:  D.K,  Plummer 

2  Attn:  Library 

Eltel-McCul lough,  Inc. 

301  Industrial  Way 
San  Carlos,  Calif, 

1  Attn:  Research  Librarian 
1  Attn:  W.R.  Luebke 

Electro-Optical  Instruments,  Inc. 
125  N.  Vinedo 
Pasadena,  Calif. 

1  Attn:  I.  Weiman 

Fairchild  Semiconductor  Corp. 

4001  Junipero  Serra  Blvd. 

Palo  Alto,  Calif. 

1  Attn:  Dr.  V.H.  Grinich 

General  Electric  Co. 

Defense  Electronics  Div.,  UIED 
Cornell  Unlv, 

Ithaca,  N.Y. 

1  Attn:  Library 
VIA:  Commander 

Aeronautical  Systems  Div, 
Wright-Patterson  AFB,  Ohio 
Attn:  ASRNC-5 

Donald  E.  Lewis 

General  Electric  TUT  Product  Sect 
601  Calif.  Ave. 

Palo  Alto,  Calif. 

1  Attn:  C.G,  Lob 
1  Attn:  Tech.  Library 

General  Electric  Co. 

Research  Lab. 

P.0,  Box  1088 
Schenectady,  N.Y. 

1  Attn:  Dr.  Phxiip  M.  Lewis 
1  Attn:  V. L.  Neuhouse 

Applied  Physics 

General  Electric  Co. 

Electronics  Park-Bldg.  3 
Room  143-1 
Syracuse,  N.Y. 

1  Attn:  Documents  Librarian 
(Yolanda  Burke) 

General  Electric  Co. 

Schenectady  5,  N.Y. 

1  Attn:  Library,  LME  Dept. 

Bldg.  28-501 

General  Telephone  and 

Electronics  Labs.,  Inc, 
Bayside  60,  N.Y. 

1  Attn:  Louis  R.  Bloom 

Gilf Ilian  Brothers 
1815  Venice  Blvd. 

Los  Angeles,  Calif. 

1  Attn:  Engineering  Library 

Goddard  Space  Flight  Center 
Code  611 
1  Greenbelt,  Md. 

The  Hallicraf ters  Co. 

5th  and  Koatner  Ave. 

1  Chicago  24,  111. 

Hewlett-Packard  Co. 

1501  Page  Mill  Rd. 

1  Palo  Alto,  Calif. 
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Hof  fun  Electronics  Corp. 
Semiconductor  Dlv. 

1001  Arden  Dr. 

II  Monte,  Calif. 

1  Attn:  P.N.  ftusael,  Tech.  Dir. 

Hughes  Aircraft  Co. 

Florenoe  at  Teale  St. 

Culver  City,  Calif. 

1  Attni  Tech.  Library 

Bide.  0*  R».  C2048 
1  Attns  Solid-State  Group-M  107 
1  Attn:  Tech.  Doc.  Ctr. ,  Bldg.  6, 
Mall  Station  E-110 
1  Attn:  B.J.  Forman 

Antenna  Dept.,  Rea.  and 
Dev.  Labe. 

HtB  Singer 
Science  Park 
P.0.  BOX  60 
State  College,  Pa. 

1  Attn:  Tech.  Info.  Center 

Hughes  Aircraft  Co. 

Bldg.  6,  Mall  Station  E-150 
Culver  City,  Calif. 

1  Attn:  A. S.  Jerrems, 

Aerospace  Group 

fcghes  Aircraft  Co. 

Semiconductor  Dlv. 

P.O.  Box  278 
Newport  Beach,  Calif. 

1  Attn:  Library 

Hughes  Aircraft  Co. 

Bldg.  604,  Mall  Station  C-213 
Fullerton,  Calif. 

1  Attn:  A.  Eschner,  Jr. 

Ground  Systems  Group 

Hughes  Aircraft  Co. 

3011  Malibu  Canyon  Rd. 

Malibu,  Calif. 

1  Attn:  H. A.  lams,  Res.  Lab. 

International  Business  Machines 
Product  Development  Lab. 
Poughkeepsie,  N.Y. 

1  Attn:  E.M.  Davis  -  (Dept.  362) 

International  Business  Machines 
Data  Systems  Dlv. 

Box  390,  Board man  Rd. 
Poughkeepsie,  N.Y. 

1  Attn:  J.C.  Logue 

IBM  Research  Library 
Box  218 

1  Yorktown  Heights,  N.Y. 

International  Business  Machines 
San  Jose,  California 
1  Attn:  Majorle  Griffin 

ITT  Federal  Labs. 

500  Washington  Ave. 

Nutley,  N.J. 

1  Attn:  Librarian,  Ellis  Mount 

Lab.  for  Electronics,  Inc. 

1079  Commonwealth  Ave. 

Boston  15,  Mass. 

1  Attn:  Dr.  H.  Fuller 
1  Attn:  Library 

LKL,  Inc. 

75  Akron  St. 

Coplague,  L. I.,  N.Y. 

1  Attn:  Robert  S,  Mautner 


Lenkurt  Electric  Co. 

San  Carlos,  Calif. 

1  Attn:  M.L.  Waller,  Librarian 

Llbrascope,  Dlv.  of  General 
Precision,  Inc. 

•OB  Western  Ave. 

Glendale  1,  Calif. 

1  Attn:  Engineering  Library 

Lockheed  Missile  and  9pace  Co, 
Dept.  67-33,  Bldg.  324 
P.O.  Box  504 
Sunnyvale,  Calif. 

1  Attn:  G.W.  Price 

Lockheed  Missile  and  Space  Co. 
Dept.  67-34,  Bldg.  520 
P.O.  Box  504 
Sunnyvale,  Calif. 

1  Attn:  Dr.  W.M.  Harris,  Dev't. 
Planning  Staff 

Lockheed  Missiles  &  Space  Co. 
Rm.  59-34,  Bldg.  102 
P.O.  Box  504 
Sunnyvale,  Calif. 

1  Attn:  Stephent  Paine 

Lockheed  Missile  Systems  Co. 
Sunnyvale,  Calif, 

1  Attn:  Tech.  Info.  Ctr.  50-14 

Lockheed  Missile  and  Space  Co. 
Palo  Alto,  Calif. 

1  Attn:  M.E.  Brown# -Dept.  52-40 
Bldg.  202 

The  Martin  Co. 

P.O.  Box  5837 
Orlando,  Florida 
1  Attn:  Engr.  Library  M.P.  30 

Marquardt  Aircraft  Corp. 

16555  Saticoy  St. 

P.O.  Box  2013,  -South  Annex 
Van  Nuys ,  Calif. 

1  Attn:  Dr.  Basun  Change 

Research  Scientist 

Mauchley  Associates 
SO  E.  Butler 
1  Ampler,  Pennsylvania 

Melpar,  Incorporated 
Applied  Science  Dlv. 

3000  Arlington  Blvd. 

Falls  Church,  Va. 

1  Attn:  Librarian 

Micro  State  Electronics  Corp. 

1  Attn:  A.L.  Kestenbaua 
152  Floral  Ave. 

Murray  Hill,  N.J. 

Microwave  Assoc.,  Inc. 

North  West  Industrial  Park 
Burlington,  Mass. 

1  Attn:  Dr.  Kenneth  Mortenson 
1  Attn:  Librarian 

Microwave  Electronics  Corp. 

3165  Porter  Drive 
Palo  Alto,  Calif. 

1  Attn:  Stanley  F.  Kalscl 
1  Attn:  M.C.  Long 

Mlnneapolis-Honeywell  Regulator 
Company 

Semiconductor  Library 
1177  Blue  Heron  Blvd. 

Riviera  Beach,  Florida 

The  Mitre  Corporation 
Bedford,  Mass, 

1  Attn:  Library 


Monsanto  Chemical  Co. 

800  N.  Lindbergh  Blvd. 

St.  Louis  66,  Mo. 

1  Attn:  Edward  Orban,  Mgr. 

Inorganic  Development 

Motorola,  Semiconductor  Prod.  Dlv, 
5005  E.  Mo  Dowell  Rd. 

Phoenix,  Arts. 

1  Attn:  Dr.  A.  Leak 
1  Attn:  Peter  B.  Myers 

Motorola,  Inc. 

8330  Indiana  Ave. 

Riverside,  Calif. 

1  Attn:  R.E.  Freese 

Tech.  Info.  Analyst 

Nat ' 1  Biomedical  Inst. 

8600  16th  St. 

Silver  Spring,  Md. 

1  Attn:  Dr.  R.S.  Led ley 

Nortronlcs 

Palos  Verdes  Research  Park 
6101  Crest  Rd. 

Palos  Verdes  Estates,  Calif. 

1  Attn:  Technical  Info.  Agency 

Pacific  Semiconductors,  Inc. 

14520  S.  Aviation  Blvd. 

Lawndale,  Calif. 

1  Attn:  H.Q.  North 

Dr.  Alex  Mayer,  Aas't  Dir. 

Applied  Res,  Lab. 

Philco  WDL 
3875  Fabian  Way 
1  Palo  Alto,  Calif. 

Philco  Corp, 

Tech.  Rep.  Dlv. 

P.O.  Box  4730 
Philadelphia  34,  Pa. 

1  Attn:  F.R.  Sherman,  Mgr.  Editor 
Philco  Tech.  Rep.  Dlv. 

BULLETIN 

Philco  Corp, 

Lanadale  Dlv. 

Church  Rd. 

Lansdale,  Pa. 

1  Attn:  John  R.  Gordon 

Philco  Scientific  Lab. 

Blue  Bell,  Pa. 

1  Attn:  Dr.  J.R.  Feldaeier, 

Assoc.  Dir.  of  Research 
1  Attn:  C.V.  Bocciarelll 
1  Attn:  C.T,  McCoy,  Res.  Advisor 

Pols rad  Electronics  Corp. 

43-20  Thirty-Fourth  St. 

Long  Island  City  1,  N.Y. 

1  Attn:  A. H,  Sonnenschein 

Aas't  to  the  President 

RCA,  Surf.  Comm.  Dlv. 

Front  and  Market  Streets 
Bldg.  17-C-6 
Camden,  N.J, 

1  Attn:  K.K.  Miller,  Mgr. 

Mlnuteman  Project  Of. 

RCA  Labs. 

Princeton,  N.J. 

1  Attn:  Harmick  Johnson 
1  Attn:  Dr.  W.M.  Webster 

RCA 

Bldg.,  108-134 
Moorestown,  N.J, 

1  Attn:  H. J.  Schrader 
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The  Rand  Corp . 

1700  Main  St. 

Santa  Monica,  Calif. 

1  Attn;  Lib, ,  Halan  J,  Waldron 
1  Attn:  Computer  Science  Dept. 
Willia  H.  Ware 

Raytheon  Co. 

Microwave  and  Power  Tube  Div. 
Spencer  Lmb. 

Burlington,  Maaa. 

1  Attn;  Librarian 

Raytheon  Manufacturing  Co. 

28  Seyon  St. 

Reaearch  Div. 

Walthaa,  Maaa. 

1  Attn:  Dr.  Herman  Stata 
1  Attn:  Librarian 

Raytheon  Corp. 

Walthaa,  Maas. 

1  Attn:  Dr.  H.  S chart man 

Roger  White  Electron  Devices, 
Inc. 

Tall  Oaks  Rd,  Laurel  Ledges 

1  Stamford,  Conn. 

Space  Technology  Laba,  Inc. 

One  Space  Park 
Redondo  Beach,  Calif. 

2  Attn:  Tech.  Library 

Doc.  Acquisitions 

Space  Tech.  Labs.,  Inc. 

Physical  Research  Lab. 

P.0.  Box  95002 

Los  Angeles  45,  Calif. 

1  Attn:  D.  Fladleln 

Sperry  Gyroscope  Company 
Div.  of  Sperry  Rand  Corp. 

Great  Neck,  N.Y. 

1  Attn:  Leonard  Swern  (M.S.3T105) 

Sperry  Microwave  Electronics  Co. 
Clearwater,  Florida 
1  Attn:  John  E.  Pippin, 

Res.  Section  Head 

Sperry  Electron  Tube  Div. 

Sperry  Rand  Corp. 

1  Gainesville,  Florida 

Sylvanla  Electronic  Defense  lab. 
P.0.  Box  205 
1  Mountain  View,  Calif. 

Sylvanla  Electric  Products,  Inc. 
500  Evelyn  Ave. 

1  Mt.  View,  Calif. 

Sylvanla  Electronics  Systea 
Walthaa  Laba. 

100  Flrat  Ave. 

Walthaa  54,  Mass. 

1  Attn:  Librarian 
1  Attn:  Erneat  E.  Hollis 

Technical  Reaearch  Group 
1  Syosaet,  Long  Island,  N.Y. 


Texas  Instruments  Incorporated 
Apparatus  Div. 

P.0.  Box  6015 
Dallas  22,  Texas 
1  Attn:  M.E.  Chun 


Texas  Instruawnts,  Inc. 
Semiconductor-Components  Div, 

P.0.  Box  5012 
Dallas  22,  Texas 

1  Attn:  Semiconductor  Coaponents 
Library 

1  Attn:  Dr.  Willis  A.  Adcock, 

Mgr.  Integrated  Circuits 
Components  Div. 

Texas  Instruments  Inc. 

Corporate  Res.  and  &igr. 

Technical  Reports  Service 
P.0.  Box  5474 
1  Dallas  22,  Texas 

Tektronix,  Inc. 

P.0.  Box  500 
Beaverton,  Oregon 
4  Attn:  Dr.  Jean  F.  Delord 
Dir.  of  Reaearch 

Transltron  Electronic  Corp. 

144  Addison  St. 

East  Boston,  Mass. 

1  Attn:  Dr.  H.G.  Rudenberg,  Dir. 

R  and  D 

Varian  Associates 
611  Hansen  Way 
Palo  Alto,  Calif. 

1  Attn:  Tech.  Library 

Westlnghouae  Electric  Corp. 
Friendship  Internet *1  Airport 
Box  746,  Baltimore  3,  Md. 

1  Attn:  G.  Rosa  Kilgore,  Mgr. 

Applied  Research  Dept. 
Baltimore  Laboratory 

Weatinghouse  Electric  Corp. 

Beulah  Rd. 

Pittsburgh  35,  Pa. 

1  Attn:  Dr.  G.C.  Saiklai 

Melbourne  J.  Hellstram,  Supv.  Engr. 
Westlnghouae  Electronics  Corp. 
Molecular  Electronics  Div. 

Box  1836 

1  Baltimore,  Md.  21203 

Westlnghouae  Electric  Corp. 
Research  Laboratories 
Beulah  Rd.,  Churchill  Boro 
Pittsburg  35,  Pa. 

1  Attn:  J.G.  Castle,  Jr. -401-1B5 
1  Attn:  Solid  State  Dept. 

1  Attn:  R.E.  Davis 

Zenith  Radio  Corporation 
6001  Dickens  Ave. 

Chicago  39,  Ill. 

1  Attn:  Joseph  Markin 
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Northern  Electric  Co.,  Ltd. 

Re*,  and  Dev't  Labs. 

**P.O.  Box  3511,  Station  MC" 

1  Ottawa,  CANADA 

University  of  Ottawa 
Dept,  of  Electrical  Engr. 

♦♦Ottawa  2,  CANADA 
1  Attn:  G.  S.  Glinsky 

Via:  ASD,  Foreign  Release  of. 

(ASYF) 

bright -Pat terson  AFB, 

Ohio 

Attn:  J.  Troyan 

Dr.  Sidney  V.  Soanes 
Research  Dept. 

Ferrant i-Packard  Elect.  Ltd, 
♦♦Industry  St . 

1  Toronto  15.  Ontario,  CANADA 

Central  Electronics  Engr. 

Research  Institute 

♦  Pilani,  Raiasthan,  INDIA 
1  Attn:  Onip .  Gandhi 

Prof.  Sanai  Mi  to 
Dept,  of  Applied  l'ht sics 
Faculty  of  Engineering 
Osaka  Ci tv  I'niversi  t \ 

♦  12  Nishi-Ogimachi,  Kitaku 
1  Osaka,  JAPAN 

Pro! .  Jose  M.  Borrego 
Centro  de  Invest igac ion  \  de 
E studios 

Ava^ados  IH*1  lnstituto  Polltecnico 
Nac tonal 

♦♦\partado  Postal  26  740 
1  Mexico  14,  D.L. 

Prof.  F. H.  Rhoderick 
♦♦Manchester  College  of  Science 
and  IVch. 

1  Manchester  1,  ENGLAND 

Mr.  Heikki  1 ban tola 
♦♦Fiskars  Electronics  lab. 

1  El imacnka t u  17,  Helsinki, 

FINLAND 

Prof ,  lakuo  sugano 
Facultv  of  Engineering 
I'niversi t  \  ot  lokvo 
Bunkvo-ku,  Fokin 
1  JAPAN 

Ur,  Niels  I,  Meter 
Physics  Dept, 

The  Technical  University 
of  Denmark 

Lund t of  l  eve  j  loo  ,  l.vngbv 
1  DENMARK 

Prof ,  G,  Union 
Royal  technical  University 
of  Ik-itnark 
Us  t  ervolgatle  ID,  G. 

1  Copenhagen  K,  DENMARK 

l>r.  Ueorgea  Alou 
K.N.S,  Laboratolre  dea 
Hautea  Energies 
Or say /seine  et  Oiae 
1  II,  P,  No.  2,  FRANCE 


Dr.  P.  A.  Tove 
Fysiska  Inat itut ionen 
Uppsals  University 
1  Uppsala,  SWEDEN 

Prof.  W.  E.  Dahlke 
Telefunken,  GmbH 
Sof linger  Straaae  100 
Poatfach  627 
Ulm/Donau 
1  GERMANY 

Dr.  G.  B.  B.  Chaplin 
The  Pleaaey  Company 
(U.K.)  Ltd. 

Caawell,  Towceater 
1  Northants,  ENGLAND 

Dr.  D.  H.  Roberta 
The  Plessey  Company 
tU. K,  )  Ltd. 

Caswell,  Towceater 
1  Northants,  ENGLAND 

Royal  Radar  Establishment 
Physics  Dept. 

M.  Andreas  Rd. 

Great  Malvern,  Worca. 

ENGLAND 

1  Attn:  I>r.  P.  N.  Butcher 

Nat ional  Physical  Lab. 

Tedding ton,  Middlesex 
ENGLAND 

1  Attn:  Dr.  A.  M.  I’ttley 

Swiss  Federal  Institute  of 
Technology 
Glorias t rasse  35 
Zurich,  SWITZERLAND 
1  Attn;  Prof.  M.J.O.  Strutt 

Prof.  A.  Bebock 
University  of  Louvain 
Institute  of  Physique 
61  Rue  de  Namur 
Louvain,  Belgium 

Dr.  Maurice  Bernard 

Dept  .  PCM 

CNET 

Isav-Lea-Voulineaux 
Seine,  FRANCE 

1  Attn:  Solid-State  and  Electron 
Devices 

Prof.  Karl  Steinbuch 
Institute  fur  Nachrichtenver- 
arbeitung  und 
Naehr icht  enubert ragung 
rechniache  Hochachule  Karlsruhe 
1  Karlsruhe,  GERMANY 


♦  ONR  44  Reports  ONLY 
**  AT  26  Reports  ONLY 

VIA;  ASD,  Foreign  Release 
Office  (ASYF) 
Wright-Patteraon  AFB 
Ohio 

Attn:  J,  Troyan 


